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Point Pattern Analysis Confirmatory Analysis:
Inferential Statistics

= Analyzing Global Patterns

. 0 Quadrat Analysis Global vs. Local

0 Nearest-Neighbor Methods

0 Ripley’s K Function

(a) Clustering (b) Dispersion/Uniform (c) Random
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Quadrat analysis of urban dispersion: 1. Theoretical
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Quadrat analysis of urban dispersion: 2. Case studies of
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Abstract. This is the second part of a two part paper; the first part reviewed the methodology
of quadrat analysis and in this part, two case studies are presented. A brief introduction outlines
the spatial structure of retailing in urban areas and it is then demonstrated how compound and
generalized distributions offer a variety of models that can be fitted to empirical data about retail
spatial structure. The empirical tests use data from Ljubljana, Yugoslavia and San Francisco,
California. Conclusions are drawn which relate to the description, analysis and sampling of
intra-urban retail spatial dispersions.
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A. Food stores

B. Grocery stores

C. Non-food stores

D. Clothing stores
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Detection of Point Pattern

Three general patterns

2 Random any point is equally likely to occur at any location and
the position of any point is not affected by the position of any
other point. There is no apparent ordering of the distribution

o Uniform every point is as far from all of its neighbors as possible

o Clustered many points are concentrated close together, and
large areas that contain very few, if any, points

(a) Clustering (b) Dispersion/Uniform (c) Random
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Quadrat Analysis

To exam how density changes over space

To determine if the point distribution is

similar to a random distribution

o Complete Coverage of Quadrats



Complete Coverage Quadrats
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POISSON DISTRIBUTION

A probability distribution function (PDF) for discrete events
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parameter A > 0,

where

e fis the number of occurrences (k = 0, 1, 2...)
e ¢is Euler's number (e = 2.71828...)
« | is the factorial function.




‘ # ¥ Binomial distribution (= 78 & %)
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Source: http://episte.math.ntu.edu.tw/articles/mm/mm_02_4 01/index.html



‘7& ¥ Binomial distribution (= 78 & )
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Poisson Distribution

a discrete probability distribution that expresses the

probability of a given number of events occurring in

a fixed interval of time or space if these events occur
with a known constant mean rate and

independently of the time since the last event



Properties of Poisson Distribution

A discrete random variable X is said to have a Poisson distribution with parameter A =0, if, for k=0, 1, 2, ..., the
probability mass function of X is given by:[f]

Mg
El

FlkiX) = Pr(X = k) =

where

s £is Euler's number (e =2.71828..)
» klis the factorial of k.

The positive real number A is equal to the expected value of X and also to its VEHEHCE[T]

A = E(X) = Var(X). (source: Wikipedia)
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Using functions in R

Poisson {stats} R Documentation
The Poisson Distribution

Description

Density, distribution function, quantile function and random generation
for the Poisson distribution with parameter lambda.

Usage

dpois(x, lambda, log = FALSE)

ppois(q, lambda, lower.tail = TRUE, log.p = FALSE)
gpois(p, lambda, lower.tail = TRUE, log.p = FALSE)
rpois(n, lambda)
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prob <- vector() 0

prob
000 005 010 0415 020 025
1 | 1 1

for (1 1n 1:10){
prob[1]<-dpois(1,2)

} qpo1s(0.9,2)

/

plot(prob, type="b")

apois(0.9.2) ) @ ; ; 0




R code: 7= * sapply() B~ for-loop i

pdf <- sapply(1:10, function(x) dpois(x,2))
plot(pdf, type="b")

lapply (¥, FUN, ...)
zapply (¥, FUN, ..., =implify = TRUE, USE.NAMES = TRUE)

Arguments

X a vector (atomic or list) or an expresszion object. Other objects
(including classed objects) will be coerced by bass::zs.1ist.

FUN the function to be applied to each element of X: see '‘Details’. In
the case of functions like +, ¥*%, the function name must be
backguoted or quoted.




FE MY ¢ Binomial vs. Poisson Distribution
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FHERY  Binomial vs. Poisson Distribution

> dbinom(2,size = 10A6,prob = 0.000001)
[1] 0.1839398
> dpois(2, 1)
[1] 0.1839397

MIZEHEZ = 0.0001 ‘ MR = 0.000001
Mean = 100 Mean = 1.03
SD =10 SD =1.02
5K 98 9% A B H% 3= 5> 6 i (binominal) 5K 8 8 A\ BHE 3 5> 75 [# (binominal)
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Quadrat Counts

3 1 2 2
5 0 2 2
2 1 2 2
1 3 2 2
3 1 2 2
RANDOM UNIFORM CLUSTERED
Number
Number of of Points
Quadrat Points Per Quadrat Per
# Quadrat X2 # Quadrat X2
1 3 9 1 2 4
2 1 1 2 2 4
3 5 25 3 2 4
4 0 0 4 2 4
5 2 4 5 2 4
6 1 1 6 2 4
7 1 1 7 2 4
8 3 9 8 2 4
9 3 9 9 2 4
10 1 1 10 2 4
20 60 20 40
Variance 2.222 Variance 0.000
Mean 2.000 Mean 2.000

Var/Mean 1.111 Var/Mean 0.000



N = number of quadrats=10

> x*=[(> x)°IN]
N —1

Variance=

variance
mean

Variance— mean—ratio =




F3% 1 : Variance-Mean Ratio Test

Because the mean and variance of Poisson Distribution

are both equal to A

So the Variance-Mean Ratio should be 1.0
o Compute the difference of the (V/M -1.0)

0 Standardize the difference by the standard error

0 Compare the Standardized score of difference to the Critical

value (1.96 at 0.05 level of significance)
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Source: Taher Buyong (2007), Spatial Data Analysis for Geographic Information Science.
Penerbit UTM, ISBN 9835204233
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Figure 3.12 Dengue incidences in the study area with quadrats drawn

Source: Taher Buyong (2007), Spatial Data Analysis for Geographic Information Science.
Penerbit UTM, ISBN 9835204233
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Figure 3.13 Frequency histogram of the dengue incidences

Source: Taher Buyong (2007), Spatial Data Analysis for Geographic Information Science.
Penerbit UTM, ISBN 9835204233



H,: F=A (pattern is random).
H,: v (pattern is not random).

The test is carried out at 95% confidence level. Table 3.5 shows the necessary
calculations for the test.

Table 3.5 Necessary calculations for the variance/mean ratio rest

Number of  Frequency of (fim,) (m; = A) fi (m; = A
points (m;)  quadrats (f)
0 87 0 ~1.21 3.837
1 9 9 - 0.79 5.617
2 1 2 1.79 3.204
3 2 6 2.79 15.568
4 1 4 3.79 14.364
Y =100 r =21 = 42590

Source: Taher Buyong (2007), Spatial Data Analysis for Geographic Information Science.
Penerbit UTM, ISBN 9835204233



The mean:

S o2 fimi 2
> fi 100
=0.21

The variance:

2_Xfilm-m) 4259
DY T

= (.43
The variance/mean ratio:
¢ 0.43
vy = — = ——
A 021
=205

The standard error of the vmr;

) _( 9 )H’l_[ " ]'H'.E
S . | 100 -1

=0.14

Source: Taher Buyong (2007), Spatial Data Analysis for Geographic Information Science.
Penerbit UTM, ISBN 9835204233



The test statistic:

_wvmr=1_2.05-1
Smr 0.14
=7.38

The critical values obtained from the ¢ distribution for @ = 0.025 (two-
tailed test), and v= 99 are —=1.96 and 1.96. Therefore, the test fails and Hj, is
rejected. Alternatively, A which states that point pattern is not random is accepred.
When the statistical testing is redo with H, : 5 > 4 (pattern is clustered), the
critical value from the ¢ distribution for @ = 0.05 (one-tailed test) is 1.65. The
test also fails and Hj is rejected, and H| which states that point pattern is clustered
is accepted.

Source: Taher Buyong (2007), Spatial Data Analysis for Geographic Information Science.
Penerbit UTM, ISBN 9835204233



‘ 733% 2 : Chi-square test R A E
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Chi-square test

The Chi-Squared prob. density distribution with 6 degrees of freedom
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gchisq(0.95, df=6) = 12.59
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# ~u R code: Using quadrat.test()

SpatStat analysing spatial point patterns

Home News Download Docs Book Courses Help FAQ About

Welcome to the spatstat website

spatstat (version 1.64-1)

quadrat.test: Dispersion Test for Spatial Point Pattern Based on
Quadrat Counts

Description

Performs a test of Complete Spatial Randomness for a given point pattern, based on quadrat counts. Alternatively performs a goodness-of-fit test of a fitted

inhomogeneous Poisson model. By default performs chi-squared tests; can also perform Monte Carlo based tests.



MS Windows 4 & €% % 2. w0 en7 "o e fY

STATISTICS IN MEDICINE, VOL. 15, 939-941 (1996)

QUADRAT ANALYSIS SOFTWARE FOR THE DETECTION
OF SPATIAL OR TEMPORAL CLUSTERING

ADAM G. SKELTON

St. Louis University School of Public Health and Community Healthcare Network Modeling,
4349 Westminster Pl. St. Louis, MO 63108, U.S.A.

SUMMARY

A software program is presented which automates the quadrat analysis procedure for detecting spatial or
temporal clustering outlined by Boots and Getis.! The software essentially compares observed values within
areal or temporal sampling units to those values that would have been obtained were the values distributed
randomly. A chi-square test of significance is used to assess whether the values are dispersed in
a non-random pattern and a t-test is used to assess whether the values are dispersed in a non-regular pattern.
The software requires DOS 3.3 or higher and reads dBase-compatable data files.



Weakness of Quadrat Method

= Results in a single measure for the entire
distribution, so variations within the region are

not recognized
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Step 1: fishnet: st make grid()

Step 2: spatial intersection: st_intersection()

Step 3: calculate counts of points: summarise()

Step 4: calculate mean and variance of counts

Step 5: hypothesis testing (Variance-Mean Ratio Test)

Step 6: make a conclusion
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